Floodplain fisheries were monitored from 1992 until 2000 in the Compartmentalization Pilot Project in Tangail, Bangladesh. In permanent floodplains about 165 ± 28 kg ha )1 of fish was caught annually. For seasonal floodplains, this figure was 83 ± 23 kg ha )1 yr )1 . The fish catch exhibited a strong seasonal variation, with the highest catch in October, when the floodwater recedes towards the river, and the lowest catch during the dry season in April/May. The annual catch varied with the extent of flooding, with high catches in wet years and low catches in dry years. The extent of flooding was quantified through a Flood Index. Plotting the annual yields against this Flood Index provided a significant relation (P < 0.05), confirming the existence of a flood pulse. The fishing effort (f) and the catch-per-unit-effort (CPUE) were significantly related (P < 0.05), whereby the fishing effort increased with increasing CPUE. The results are discussed within the frame of fisheries management in Bangladesh and highlight the need for long-term data for proper evaluation of fisheries projects and the development of management schemes, and the difficulty of applying standard surplus production models in floodplain fisheries.
Introduction
Bangladesh is drained by three principal river systems: the rivers Brahmaputra (Jamuna), Ganges (Padma), and Meghna. The total annual inland fisheries production of Bangladesh is approximately 538 000 t (50-60% of the total national fisheries production). These catches are important to the economy and food supply of Bangladesh (Department of Fisheries 1983 , accounting for 6% of Gross Domestic Product, 12% of the export earnings and 70-85% of the animal protein intake of the country (Bangladesh Bureau of Statistics 1992). Total river fisheries production declined 44%, from 207 000 t in 1983 to 124 000 t in 1998 (Department of Fisheries 1983 -1998 . During the same period the annual river catch of major Indian carps [Labeo rohita Hamilton, Catla catla (Hamilton) and Cirrhinus mrigala Buch] declined 77% from 9000 to 2000 t.
Inland fisheries production in Bangladesh, as in other exploited floodplain fisheries around the world, is strongly related to flood sequence. Floodplains inun-dated during monsoons are nutrient rich and play a significant role as nurseries for many larvae and juvenile fish species (Welcomme 1985; Bayley 1988; Junk, Bayley & Sparkes 1989) . Since 1970, the annual inundation of approximately 2-3 million ha of floodplain in Bangladesh has been either prevented altogether, or controlled by means of sluice gates or pumps positioned along earth embankments or levees (Siddiqui 1990; ESCAP 2000) . This reduction in floodplain area is often given as one of the reasons for declining floodplain fisheries in Bangladesh (CPP 1994; FAP 17 1994; Halls, Hoggarth & Debnath 1998) , but over-exploitation of inland fish stocks has also been reported (Tsai & Ali 1987; Ahmed 1992; de Graaf, Born, Uddin & Marttin 2001; de Graaf & Marttin in press) .
The growth of floodplain fish is fast and strongly related to flood season (Dudley 1972; Bayley 1988 ). Furthermore, the growth can vary significantly between years and has been correlated with flooding intensity and duration (Dudley 1972; Welcomme 1985; Halls 1998; Halls, Hoggarth & Debnath 1999) . This led to the formulation of the flood pulse concept by Junk et al. (1989) : ÔThe pulsing of the river discharge, the flood pulse, is a major force controlling biota in riverfloodplains. Lateral exchange between floodplain and river channel and nutrient recycling within the floodplain has more direct impact on biota than the nutrient spiralling as proposed in a River Continuum Concept. In unaltered large river systems with floodplains in the temperate, subtropical or tropical belt, the overwhelming bulk of river animal biomass derives directly or indirectly from production within the floodplains, and not from downstream transport of organic matter produced elsewhere in the river basin'.
Until now, limited data on fisheries confirming this theory have been available; the major bottleneck remaining the need for long-term data sets. This paper presents the results of a fisheries monitoring programme between 1992 and 2000 as part of the Compartmentalization Pilot Project (CPP) in Bangladesh, and discusses them within the general context of water management and increasing fishing pressure in floodplain systems in Bangladesh. The paper further discusses the dynamics behind the observed flood pulse in fisheries production.
Materials and methods
CPP was a water management project located in Tangail on the left bank of the River Brahmaputra (Jamuna) some 80 km north of the capital, Dhaka (Fig. 1) . It encompassed and area of 13 500 ha of which around 3300 ha is floodplain. The total human population in the area was approximately 285 000 in 1999.
Fisheries are traditionally monitored by catch and effort assessment systems. For the fisheries monitoring programme of CPP it was not possible to use this method because a preliminary survey executed in 1991 indicated that almost 68% of the rural population, or about 17 000 households, were engaged in some kind of fishing (subsistence fishing) and that this activity varied greatly throughout the year, and monitoring all was impractical. Therefore, a new monitoring system was developed, using traditional catch and effort datarecording stratified according to representative fishing habitats. The hydrology in the representative fishing habitats was registered monthly, analysed, and extrapolated for the whole study area in a Geographical Information Systems (GIS) environment, providing the monthly extent of flooding for the different habitats. Details of the method are described in CPP (2000), de Graaf et al. (2001) and de Graaf (in press), and are summarized below. The estimation of the total catch followed three steps:
Selection of fishing habitats
Selection of representative fishing habitats. Land types were used as selection criteria. Each land type represents a certain risk of flooding, has a fixed location and only changes if the risk of flooding is reduced or increased through water management, i.e. flood control, building of embankments, etc. Two land types were selected: F3 lands risk being flooded by a depth of >1.8 m for a couple of days per year and are often the permanent floodplains; F2 lands risk being flooded to a depth of 0.8-1.8 m for a couple of days per year and are often the seasonal floodplains. For each land type, representative sites were selected (Fig. 2) for the implementation of a catch and effort monitoring system. The sites were delineated by physical characteristics observed in the field and monitoring was always carried out within the delineated area only.
Catch and effort monitoring
The daily catch by individual fishermen [catch-perunit-effort (CPUE)] was monitored biweekly at each site (Catch Assessment Survey), whereby anybody operating a gear was considered to be a fishermen. The numbers and weight of the dominant fish species in the catch were recorded. Furthermore, the gear type, its mesh size, and the ownerÕs status, i.e. professional, part time or subsistence fishing, was recorded. Biweekly standardized counting of the number fishing and gear types at the different sampling sites provided the fishing effort (f) (Frame Survey). During the analysis of the data, for practical reasons, a person fishing was selected as the unit of fishing effort, irrespective of the number of gears used. The total catch in each site was calculated as:
where N is the number of days per month, f the average daily number of individuals fishing according to each category (professional, part-time and subsistence), CPUE the average daily catch per category. Water levels were recorded weekly at the F3 sampling sites, and in combination with a topographic map, the average monthly extent of water coverage, or the sampled area for each F3 site, was calculated (in hectares) using GIS. During the monsoon all the F3 land at the different sites was flooded, giving the maximum sampled area for each F3 site. For the F2 sites, the fixed delineated area was calculated using GIS, and this area was considered to be the monthly sampled area.
The CPUA for each site was calculated by: CPUA ¼ Monthly catch per site/sampled area. The monthly CPUA for each land type was calculated with the mean of the monthly CPUA of representative sites.
Estimation of total catch in the study area
In the project area, there was about 390 ha of F3 land and 2900 ha of F2 land, and both types exhibited a high risk to flooding. However, these land types were not permanently flooded as most were covered with agri-cultural crops during the dry season and were flooded only during the monsoon. The extent of flooding or the total area flooded per month for each land type in the project area was estimated through GIS (CPP 2000; de Graaf, Khan, Faruk, Ysmin & Mamun 2000; de Graaf et al. 2001; de Graaf in press) .
Within the project, water levels were measured weekly at 22 locations. For each location, the average monthly water level was calculated. These levels were used to create a theoretical water level map in GIS through interpolations of the values between the different locations. The next step was to combine this theoretical water level map with a digital topographic map or Digital Elevation Model (DEM) of the area in GIS. By subtracting the value of the DEM from the water level, the water depth at each location in the area was obtained. A negative value indicated that the area was dry, and a positive value meant that the area was flooded. These were used as criteria to create monthly flood maps in GIS. The last step was to make an overlay of this flood map with the land type map, and the flooded area of the different land types could be calculated for each month using GIS.
The total annual catch for the different land types was estimated by multiplying the monthly CPUA with the monthly flooded area and summing them up for the whole year, or: 
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The total annual catch within the CPP project area is the sum of the annual catches for the different land types, or:
Annual catch per landtype i
Data analysis
Analysis of variance (ANOVA) or Pearson's correlation test was used to test the significance of simple regression lines. Multiple-linear regression analysis of the relation between fishing effort, CPUE, water area was carried out manually, entering each variable separately. Analysis on the relation between CPUE, fishing effort, water area and flood intensity was carried out with data obtained from the Gotokbari site (F3 land type), as this was the most complete and continuous data set.
Results

Yields and flood pulse
Over the years, about 9800 individual catches were recorded and analysed. On average 260 ± 69 t (±SEM) of fish is caught in floodplains of the CPP project area annually, but the annual catch varies widely ( Table 1 ). The lowest catch of 78 t was in 1992, and the highest catch of 693 t was in 1998. Furthermore, the fish catch had strong seasonal variation, with the highest catch in October, when the flood water receded towards the river, and the lowest catch during the dry season in April/May (Fig. 3) .
In F3 land about 165 ± 28 kg fish ha )1 was caught annually ( Table 2) . Yields of F2 land (83 ± 23 kg ha )1 yr )1 ) was much lower than F3 land, but F2 land or the seasonal floodplains still produced the bulk of the catch because of the large area covered. The annual catch varied with the extent of flooding, quantified through the Flood Index, which was the summed average monthly water level from June to October, measured at Gotokbari. A significant relation (P < 0.05) was found between annual yields and the flood index for F3 land (Fig. 4) , confirming the existence of the flood pulse.
Fishing effort and CPUE
Strong inter and intra annual variation in absolute as well as in relative fishing effort was found (Fig. 5) , with major peaks in October/November when the flood recedes and small peaks in April/May when the water body was at its lowest extent. The sharp increase in relative fishing effort during the monsoon resulted mainly from a sharp increase in absolute fishing effort, as 90% of the variation in relative fishing effort is explained by changes in absolute fishing effort and 10% by variation in water area (ANOVA, P < 0.05).
A similar, but less distinctive annual variation was observed for the CPUE (Fig. 6 ). During the months of the receding floods (October-December), CPUE or its relative change over time (in percentage) was not significantly related with water level or water area or their relative changes over time. However, during the monsoon, relative fishing effort and absolute fishing effort were significantly related with the CPUE (P < 0.05), whereby effort increased with increasing CPUE (Fig. 7) . The relation between CPUE and effort could indicate a higher abundance of fish in terms of number or biomass attracting the fishermen and therefore the length of the major species caught during the flood peak during October-November, was examined. The average length of the different species as caught with nonselective gears such as scoop nets, seines, lift nets for the different years in the whole of the CPP area during October-November is presented in Table 3 . For most species, the average length in 1992 (a dry year) was significantly lower than the other years, but for the other years no clear trends were detected. The length in October-November was only positively correlated with the flood index (P < 0.05) for Colisa fasciatus (Bloch & Scheider) .
The impact of CPUE and flooded area on the absolute fishing effort during the monsoon was tested with by ANOVA in a multiple linear regression analysis of the form: logðAbsolute fishing effortÞ ¼ a þ b 1 logðCPUEÞ þ b 2 logðWater area)
The results (Table 4 ) indicated that 62% of the variance in absolute fishing effort can be explained by changes in CPUE, changes in water area did not add significantly to the regression and thus the relationship can be reduced to: logðabsolute fishing effort) ¼ 0:995 þ 1:116 logðCPUEÞ
The observed and calculated absolute fishing effort (Fig. 8 ) indicate that the model provides a good fit.
Discussion
Average floodplain production is about 40-60 kg ha )1 yr )1 (Welcomme 1985) . However, this estimate is based upon production estimates from lightly exploited floodplain-river systems. Bayley (1988) estimated maximum potential yields in more highly exploited tropical floodplains at 110-160 kg ha )1 yr )1 . MRAG (1997) estimated yield in Bangladesh floodplains as 
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100-130 kg ha )1 yr )1 , but subsistence catches were excluded. With an average of 33% of the catch by subsistence fishers in the CPP project area (de Graaf et al. 2001) , the yields estimated by the present study are in the same order of magnitude. However, comparing floodplain catches can be problematic and risky because of strong annual variations (see Fig. 9 ). The yields in 1998/1999, a wet year, were 200-250% higher than the average, and 1992/1993 was an extremely dry year with a yield of 20-80% of the average. Therefore, drawing conclusions based on, for example, 2 years of monitoring of floodplain fisheries in Bangladesh can be difficult or even misleading. For example, Halls et al. (1999) carried out their study in two normal years 1996 and 1997, which may explain why their results were difficult to interpret. Rahman, The existence of a flood pulse, or the direct relation between fisheries production and the extent and duration of the floods, was already postulated in the beginning of the last century (Antipa 1910) . This phenomenon has also been reported for a number of tropical floodplains (Welcomme 1975; Shepherd 1976) and Krykhtin (1975) related fish catch in the Amur basin to the extent of flooding 2-3 years previously, and stipulated the lag was the time it takes for the fish to enter the fisheries. For tropical floodplain fisheries this time lag can be extremely short, <1 yr, because of the high growth rates (Welcomme 1975 ), a point is confirmed by the present study. Junk et al. (1989) placed this phenomenon in the wider context of nutrient flows and higher overall productivity in years with large floods (Junk 1997) . Dudley (1972) found increased growth rates of fish in years of high floods in African floodplains, and Halls et al. (1998) observed the same for a floodplain in Bangladesh. The present study did not find any relationship between the length of the fish in October/November and the intensity of flooding. However, a major bottleneck in this analysis is that the average length in October/ November was calculated over all year classes or Figure 7 . The relation between catch per unit effort (kg fisherman )1 day )1 ), relative fishing effort (fisherman )1 ha )1 day )1 ) and absolute fishing effort (fisherman day )1 ) as observed at Gotokbari during the flood period (June-October) of 1992-2000. cohorts caught and the contribution of each cohort to the average length was not known. If the assumptions of Surplus Production Models (Gulland 1983 ) -that biomass of fish is directly proportional to CPUE -are considered, then the positive relation between fishing effort and CPUE seems to indicate that an increased fish biomass during the monsoon leads to increased fishing effort. This is supported by the changes in relative fishing effort being mainly caused by changes in absolute fishing effort, changes in CPUE during receding of the floods were not related water level or flooded area and that absolute fishing effort was only related to CPUE and not to the extent of flooding. Thus the increase in fishing effort is mainly based on a real increase in fish biomass and to a lesser extent on a concentration of individuals fishing and fish or an increased catchability during the receding floods (Welcomme 1985 ). An important factor for the sharp increase in fishing effort during the peaks of the flood is the limited opportunity for income generation of the rural poor. However, this could not be quantified and taken into consideration in the present analysis. Welcomme (1975) found a negative relation between fishing effort and CPUE in some African floodplains and found optimum fishing effort levels of about 10 individuals km )2 . For floodplains in Bangladesh, MRAG (1997) estimated fishing densities (subsistence fishing excluded) of about 45 individuals km )2 . In the studied area, the average density of those fishing was about 175 km )2 , far above the optimum level. There are strong indications that the floodplains in Bangladesh are over exploited, as slow-growing, late-maturing fish species such as Indian carps are replaced being by fast-growing species such as barbs (Barbus spp.), gouramies (Anabantidae) and spiny eels (Mastacembelidae), which reproduce within 1 yr de Graaf et al. 2001; de Graaf & Marttin in press) . Even with the high fishing effort, the remaining fish community has reacted unexpectedly; the yields were still stable and the biomass was able to increase and sustain even higher fishing effort in years of high floods. This confirms the importance of shifting production biomass ratios (P/B) for fisheries to survive such high fishing pressures (Allen 1971 ; Lae¨1997) and indicated the difficulty of applying standard surplus production models to tropical fisheries. Consequently alternative models should be developed. 
